THE task of the inquirer who seeks to trace the origin of, sayr one hundred cases of typhoid fever, may not inaptly be compared to the problem confronting a man who has to piece together evidence based upon what people tell him concerning the colour of a hundred balls hidden in a bag. It is known that balls of certain colours, blue (corresponding to infected water), yellow (infected milk), brown (infected shellfish), and so on, may, any or all of them, be there. Some authorities have been led to infer that red balls (corresponding to infection by healthy bacillus carriers) may also be present; others question this possibility. The outcome of the inquiries in any particular outbreak is that the investigator satisfies himself that, in all probability, so many of the hundred balls in the bag are blue, so many brown, &c., &c. There is, of course, no absolute certainty in the matter, and, indeed, differing degrees of favour are accorded at one time and another to the various hypothetical causes, there being an undoubted tendency to lean, say, to blue or to yellow at one period, and tkien perhaps to favour brown or red at another. This will be clear to those who reflect that the President of the Society of Engineers, forty years ago, traced all the cases of typhoid fever in London coming under his notice to defective A-11 drains, or, again, to those who compare the vogue of the water hypothesis twenty years ago with that of the carrier hypothesis at the present time.
It is obvious, when a new aetiological factor is under discussion, or has recently assumed prominence, that in many accounts relative to outbreaks of disease there is likelv to be a sort of unconscious bias causing undue emphasis to be laid upon the new factor and leading to relative neglect of older hypotheses.
But in recent years there has been quite a fresh development. The evidence collected by the epidemiologist is now frequently supplemented, or even, some would perhaps say, superseded by a fresh kind of evidence. A new expert (the bacteriologist) has arisen; some have unquestioning faith in his powers, others adopt, at least on certain points, an attitude of reserve. The water suspected by the epidemiologist may not really be infected water; the supposed blue balls, with respect to which the investigator has been pursuing his inquiries, may not be blue at all. If not, there is no use in speculating as to whether any of them are in the bag, for it contains no spurious blue balls. One of the balls is submitted to the new expert, and he pronounces it to be a blue ball. In the case of water and milk, it is true, bacteriological inquiry has not accomplished much in this particular connexion, but in dealing with bacillus carriers (the red balls) the opinion of the bacteriologist is oftentimes regarded as an absolutely final pronouncement, and a kind of mental paralysis overtakes the epidemiologist. It is important, therefore, to endeavour accurately to assess the value of this opinion. It is held by some epidemiologists that the bacteriologist labours under the initial disadvantage of being unable to affirm, when he finds the Bacillus typhosus, that the organism he has isolated is capable of producing typhoid fever. In other words, it is not possible to make the organism conform to all the postulates laid down by Koch.
As Klinger observes, the bacteriologist is " unfortunately compelled to fall back upon epidemiological observations." Again, we find Conradi, when speaking of the healthy carrier, making the somewhat significant remark: " It is difficult to prove that he is infectious, as we discover him only because of the fact that he lives in infected surroundings. Post hoc ergo propter hoc." It might, in fact, be contended that the new expert is colour-blind, and question arises as to the degree of his defect in this sense. To what extent can his pronouncements in this particular connexion be trusted? If he be "dangerously colour-blind for red" it is no use asking him to express an opinion upon the colour of balls supposed to resemble the hypothetical red balls in the typhoid bag.
It is, in fact, necessary, in summing up on the evidence as to the causation of ali outbreak by a bacillus carrier, that it should be decided, how far, on the one hand, is importance to be attached to the facts observed by the aetiologist or statistician, and how far, on the other hand, is importance to be attached to the bacteriological finding ? If there is any single instance in which a causal connexion has been established between a carrier and cases of typhoid fever, this mode of origin has to be reckoned with. Even although no such clear evidence be forthcoming, should it, nevertheless, be shown that persons, suspected on purely statistical evidence, are more often actually found to be carriers, than would be expected to be the case as the result of mere chance, then again presumption is raised that the mode of transmission in question is one which must be taken into account. It is necessary, therefore, first to inquire whether, without assuming that because a man is a carrier he is ipso facto infective, we can show that he is so; and, second, to inquire whether the percentage of the general population, which can be proved to be bacillus carriers, is notably smaller than the percentage of suspected persons who have been actually demonstrated to be bacillus carriers-equally diligent inquiry being, of course, assumed for both the suspected and the control populations.
With regard to the first question, independent epidemiological or statistical evidence is needed. There has been an undoubted tendency in the last few years to accept the demonstration of the fact that a suspected individual is a bacillus carrier as conclusive proof that the said individual has -infected others. Thus Rommeler's series is a case in point. It is referred to on p. 271 of Dr. Ledingham's Report. (For convenience the references to cases mentioned in Dr. Ledingham's recent Report,' the great value of which is enhanced by its containing a comprehensive bibliography, are given throughout the present paper). A foster-mother, her six-year-old daughter, her three-year-old niece, her own suckling child, and her fifteen-year-old daughter, are attacked by typhoid fever. " There appeared to be little doubt that the series of cases arose from the suckling child, temporarily adopted by the family, but the suspicion was raised to certainity by the result of the bacteriological examination carried out." Again, Kayser (loc. cit., ' See Supplement to the Thirty-ninth Annual Report of the Local Government Board. p. 289) found that " on 23rd, 29th, and 30th March, 1905, five people living in different streets in Strassburg fell ill with typhoid fever. All drank raw milk procured from a milk-seller, H. At one of the farms supplying H. there was a boy who had an indefinite illness about six months before, and whose stools contained large numbers of typhoid bacilli." Here, again, apart from the bacteriological evidence, no conclusion is possible, but the positive result is held to clinch the proof. Or take Mayer's Case 3 (p. 276). On a large estate eighteen cases of typhoid occur in the course of eleven years. There is some suspicion as to " a rather unsatisfactory pump-well . . being polluted from a watercloset employed by the manager of the farm, and, in fact, fourteen days before the outbreak (four cases in 1906) the manager had been known to use this closet. His feces were now examined, and he was discovered to be a carrier." Thereupon follows the conclusion-" It was practically certain that for years he had been spreading typhoid in his vicinity." Then, too, there is Dr. Meredith Richards's case of the milker (p. 295), who was not known to have suffered from typhoid fever, but whose wife had been attacked in 1894. We are all familiar with the facts, the somewhat unpromising start in 1903, when out of forty-seven possible consumers of the suspected milk, only one, a butler, developed typhoid fever. Dr. Meredith Richards explains the escape of those who did not suffer by saying that the amount of milk consumed per head was small. The butler may, of course, though it has not been suggested that such was the case, have been upon an exclusive milk diet; he may even have been consuming as much milk as all the rest put together; but, unfortunately, concerning his habits as to milkdrinking no particulars are now ascertainable. Again, there is the fact that only six persons in all were attacked, during five years (including the butler and a female who was " believed to have had cream in coffee and probably with fruit or tart " at lunch on one occasion, the particulars being recalled after an interval of nearly two years); and this although, as already stated, forty-seven persons " consumed the milk at various times." Moreover, there is the "absence of infections during the milker's sojourn in a large dairy during 1906-08." All these shortcomings are, however, overlooked upon the finding of the, typhoid bacillus, Any criticism directed against the completeness of the case, from a purely statistical point of view, is now silenced by referring the objector to the fact that the bacteriological examination gave a positive result.
No satisfaction, however, can be obtained by the statistician from study of the circumstances of outbreaks in which only a few persons are supposed to have been infected by a typhoid carrier. The figures must be large enough to admit of application of ordinary control methods of examination; but if the literature of typhoid carriers be carefully studied with this question of control methods in mind, the conclusion must inevitably be reached that there is no real statistical or epidemiological evidence to show that there ever are, or have been, red balls in the bag. Take, for example, the notorious case of " Typhoid Mary"; putting aside the bacteriological evidence, no jury of statisticians could convict. The absence of particulars as to the sizes of the several populations at risk and as to the extent of contemporaneous prevalence, if any, of typhoid in the localities affected; the repeated mention of places of summer residence (with presumable special risk of shellfish infection) ; the low case mortality (one fatal case in twenty-six) ; these are points for criticism; but the main thing is the uncertainty as to the value to be attached to the particulars which are available. Dr. Ledingham writes concerning the case: " Much difficulty was experienced in tracing out the past history of this cook, and possibly the achievements mentioned here have no claim to be exhaustive." There is another possibility, that the account of achievements instead of failing by defect may fail by excess. As the patient herself refused all information, and was only put under detention "after a severe struggle in which police aid had to be requisitioned," one is not surprised to learn that " considerable gaps in her history could not be filled up in spite of careful inquiry." But the statistical evidence in this case, and in cases such as those of Kayser, Mayer, Hutchinson, Baumann and Johnstone (Jennet Hill), is not presumably presented as being more than suggestive. What the investigators especially emphasize is their discovery that certain persons were found to be typhoid carriers.
In fact, if it be desired to come really to close quarters with the statistical evidence in favour of the carrier hypothesis, the issue becomes narrowed down to consideration of a few milk outbreaks. Limitations of space necessitate restriction of reference to four of the chief of these.
(1) There is an Irish case (Kilworth Camp). All the sufferers except one belonged to a particular mess. The milk consumed at this mess came from a farm where two cases of "pneumonia" had occurred. Three members of the civil population who drank the same milk were also attacked. There is no information as to how many civilian consumers of the milk escaped, nor as to how many civilians who did not drink the milk were attacked. " There had been a good deal of enteric fever around the district for some years." As to the incrimination of a particular suspected dairymaid, two residents at a farm, at which she worked in 1904, developed typhoid fever; the baby at another of her places of work was " delicate"; and the farmer who employed her, in 1906, attributed some cases of typhoid fever to her, and "got rid of her." This farmer appears, therefore, to have independently discovered for himself the bacillus carrier hypothesis. All this is interesting, when considered in the light of the subsequent discovery that the girl actually was a bacillus carrier; but, from an a priori point of view, it is far from being convincing.
(2) Dr. Watt, Medical Officer of Health, Aberdeenshire, has described several carrier outbreaks; to one of them great importance is at the present time being attached. "Miss S.," from 1887 to 1908, was found to have been associated with a long series of typhoid cases at certain farms, and also in Aberdeen, "where milk-borne outbreaks traceable to these farms periodically occurred." I am greatly indebted to Dr. Watt and to Dr. Matthew Hay for access to original reports dealing with these outbreaks. It is clear from the study of these reports that, speaking generally, the suspected milk was not supplied to all the sufferers in the prevalences, and, as this is a point of vital importance, the circumstances relating to the several milk supplies are deserving of being examined at some length.
In September, 1898, typhoid fever in Aberdeen " showed a very large increase, thirty cases with two deaths having been reported, as against six cases with one death in the preceding month." . . . " The excess of cases was traced . . . to an infected milk supply from two associated dairies." . . . An arrangement was made "with the dairykeepers, on payment of £50, that they should permanently cease to carry on the business of dairymen in their present premises." Then follows the important statement: "It is of interest to note that, even after deducting the cases of typhoid, traceable to the infected milk supply just referred to, there remain thirteen cases for the month, a number which is about twice the average weekly number in recent years. There would appear, therefore," writes Dr. Hay, " to have been some general influence at work, atmospheric or climatic possibly, which favoured the development of typhoid in the city." In October, 1898, "typhoid fever showed a decided decrease . . . but the number is still unusuallv high." Two cases were "infected outside the city from residence at a farm in Aberdeenshire, which has been repeatedly associated with outbreaks of typhoid." This is, therefore, the second farm coming under suspicion; it, however, only supplied two cases.
In November, 1898, thirty cases were reported or discovered. "It will be remembered that a large increase, in September, was traced to an infected milk supply from two adjacent dairies . . . which were subsequently closed. The sharp increase during the past month has also been traced to a milk supply in the R. district . . . in all, twelve cases of typhoid have been found to be comprised in this outbreak." So that here, too, the dairy (the third dairy suspected) fails to account for anything like the total excessive number of cases. "Just as the foregoing epidemic was closing another of a similar nature, but on a more extensive scale, began to emerge." This, the fourth milk supply to fall under suspicion in Aberdeen, in 1908, is one of the supplies with which a typhoid carrier was later associated, and it is a supply which therefore especially concerns us. It is the supply referred to, on p. 294 of Dr. Ledingham's Report, as " farm G." Dr. Hay writes: " The almost simultaneous occurrence of three cases of apparent typhoid among the customers of the dairy, which happened in the medical practice of the Convener of the Public Health Committee, and were immediately brought under my notice by him, led to inquiries being made, through the County Medical Officer, as to the presence of illness at the dairy. He visited the farm with the utmost promptitude, found three cases of suspicious illness, one of which had existed for over a fortnight, and immediately arranged for the stoppage of the milk supply. Further investigation of these cases, and the application of the Widal test, has shown them to be cases of typhoid fever, and I understand they were subsequently so reported by the medical attendant, who, it is right to mention, had been summoned for the first time only a day or two before the visit of the County Medical Officer."
Dr. Hay refers to the distribution of the milk from this farm, in " several streets in the east end of the town," . . . and he says, " so many cases of typhoid have already arisen among the consumers that it would be possible to map out the daily route of the cart, from the locality and distribution of the cases." . . . " Up to the present time twenty-five cases from this source have been reported or discovered within the city." Then he goes on to say, " At the moment of writing , third (or counting the farm supplying the two October cases, a fourth) milk epidemic of typhoid appears to be commencing. This was traced ill to another farm, from which a case of illness, which was found to be typhoid, was removed. The supply to the city from this farm was stopped. . . . Such a series of milk epidemics of typhoid . . . points to an unusual prevalence of typhoid at present among the families of dairy keepers and farmers." In December, 1898, Dr. Hay writes: " Typhoid fever has largely increased during the month, sixty-one cases with three deaths having been reported. . . . During the past four months there have been 141 cases of this fever. The vast majority of the cases, occurring during the past month, have arisen from the two last of the infected milk supplies to which I made reference in my preceding report." . . . " Several cases have recently arisen, not from consumption of the infected milks, but from contact with the cases infected by the milks." . . .In January, 1899, Dr. Hay was able to report that typhoid was rapidly declining.
The careful contemporary reports of Dr. Matthew Hay have been quoted at length, inasmuch as they strikingly illustrate the statistical difficulties of the problem as to the origin of the successive prevalences; difficulties which cannot be appreciated from study of a brief summary of these reports. One or more of the five outbreaks occurring between November, 1898, and January, 1899, may have been due to milk; but, as Dr. Hay had already noted in September, 1898, there was " some general influence at work." What that general influence may have been it would, probably, be impossible now to say, but clearly there is a considerable element of doubt as to the causal relation between the milk from farm G. and the Aberdeen cases. The demonstration of the association of a bacillus carrier with this farm has been appealed to in support of the case against the milk; but the evidence against the milk cannot be relied upon as materially strengthening the case for the infectivity of the bacillus carrier.
There is still another milk outbreak in Aberdeen, which has been mentioned in connexion with Miss S. (the carrier as«sociated with farm G.). The farm in question is referred to (on p. 294) as farm M.; the evidence is far from being conclusive: it amounts to this, that fifteen cases of typhoid fever occurred in 1901 among the customers supplied from an Aberdeen dairy, the milk being obtained from farm M.; as against fourteen cases (among the customers) for nine other years, when the dairy was not so supplied. The fact is, however, that from 1902-OE typhoid fever was at quite a low ebb in Aberdeen; and while it is true that the dairy had eight cases in 1901, when it was supplied from farm M., as against six during the period 1902-05 (an annual average of 15), when it was not so supplied, it transpires that the relative incidences upon the customers of this dairy, during these two contrasted periods, were much the same as those on the Aberdeen population as a whole; for in the latter there were fifteen deaths in 1901 and sixteen (an annual average of four) in 1902-05.
The Aberdeen carrier, Miss S., was discovered nearly ten years subsequently to the supposed (farm G. and farm M.) milk outbreaks. She was then living at a farm T. Three cases of typhoid fever occurred at this farm. No milk, Dr. Watt informs me, was distributed from the farm, and no typhoid fever had ever occurred there before. He adds that it was admitted that, later, other cases besides the three mentioned occurred at this farm. Dr. Ledingham (p. 295) says other outbreaks " appear to have been associated with farm G., but the actual facts could not be ascertained. In any case it was suggested that this farm had been visited in September, 1878, 1882, and also in 1885, by the City Medical Officer of Health, in connexion with milk-spread outbreaks in Aberdeen."
Dr. Ledingham, in summing up for the thirty-one years, adds twenty-five cases of typhoid fever occurring at three 1 farms, to twentysix cases and fifteen cases, occurring in connexion with two dairies deriving milk, at various times, from one or another of these farms (the total population consuming these supplies is not stated; it must, in some of the instances in question, have been considerable, so that the case-rates were not even, necessarily, in those instances excessive), and then he concludes by saying, "Probably, were all the facts known, it would be found that the, number of cases, directly or indirectly attributable to infection from (this carrier), during the period 1877-1908, would not fall short of 100." "This woman," he adds, " is eclipsed only by the Folkestone carrier." A posteriori, the possible association of 100 cases with a carrier is important; but, to the cold and calculating a priori observer the details are unsatisfying. Indeed it may be remarked, generally, that typhoid-carrier literature strikingly illustrates this difference in point of view. Given absolute reliance upon the positive bacteriological result, all is regarded as grist that comes to the mill. In the absence of this confidence, the investigator, who finds case added to case with, as he thinks, insufficient exercise of critical reserve, is forcibly reminded of the well-known account of a celebrated contest ill I Four farms are referred to, but at one no cases occurred, although the carrier work(d there.
which eleven buckram men grew out of two; the case so far as the two men were concerned being, moreover, one of mistaken identity.
.(3) Dr. Matthew Hay has very kindly drawn my attention to a remarkable outbreak reported upon by him in 1907. The burgh of Peterhead, with a population of about 13,000 (increased during the herring fishing season-May to August-to 16,000-17,000), had, during the ten years 1897-1906, an average of about eleven or twelve cases of typhoid fever per annum, and then in the months June to August, 1907, 357 cases were notified. Dr. Hay discusses in detail the question of water supply, but is " distinctly of opinion that the case against the water cannot be proved." The facts appear to him " to adapt themselves far more readily to the conclusion that the epidemic originated in milk infection, and that it was subsequently continued wholly or mainly by contact infection." If the case for milk infection could be regarded as proved, the outbreak would assume interest in connexion with the typhoid carrier hypothesis, for a servant at a suspected farm had nursed her mother through an illness, some weeks before the Peterhead outbreak, and the mother was found later to be excreting typhoid bacilli in her urijie. The servant herself, however, remained well, anid her blood and urine were examined with negative results.
The following are the main difficulties as regards acceptance of the view that the outbreak was milk-borne. First, the suspected milk was only supplied to six out of the seven persons sickening in the first week; to seventeen (or possibly twenty-one) out of twenty-four of those sickening in the second week; and to seventeen (or possibly twenty) out of twenty-three of those sickening in the third week. It was suggested, in partial explanation of this difficulty, that a second milk supply became implicated, about a week after involvement of the first; and that, if the two supplies be taken together, thirty out of thirty-one of the cases developing in the first two weeks would be accounted for.
In the second place, as Dr. Hay says, " It is not usual for a milkproduced epidemic of typhoid to be followed by so many secondary cases as in the epidemic under discussion." As a matter of fact, the epidemic continued for three months; but, after the first four weeks, no special incidence upon any particular milk supply was observed. This continuance of the outbreak is strongly suggestive of some other influence than that of the suspected inilk suipply (or supplies) having been in question.
Thirdly, the distribution of the cases in the town, and of the cases in affected households, discussed on pp. 21 and 22 of Dr. Hay's Report, is unusual. In particular, the occurrence of the remarkable groups of cases, shown on the map (attached to the Report) and discussed on p. 22, should be mentioned. "In nearly seventy fainilies there were two or more cases in each family, yielding a total of about 187 cases-or not far short of half of all the cases."
The Report is an exceedingly interesting one, but the case against milk cannot be regarded as proven, and hence the outbreak cannot be held to furnish strong independent support of the bacillus carrier hypothesis. These Scotch reports constitute a most valuable contribution to bacillus carrier literature, but it is clearly desirable that they should be studied in all their details, before any definite opinion is formed with regard to the epidemiological section of the inquiry in each instance. Granting the bacillus carrier thesis, these outbreaks may perhaps be thought to furnish confirmatory evidence, but as a secure foundation for that thesis they cannot be relied upon. It is a curious circumstance that all the outbreaks of typhoid fever, in which a carrier is believed to have infected milk, should be outbreaks in which the statistical evidence against the milk is not clear and unmistakeable. A further instance of this remains to be considered.
(4) By a singular chance the Folkestone case has been studied by two epidemiologists; by the first from an a priori, and then by the second, ten years later, from an a posteriori point of view. The epidemiological evidence in the case was originally examined by Dr. Thomson (Local Government Board Report, 1901-02) , before the days of the carrier. Then suspicion as to a carrier was entertained, his existence was demonstrated bacteriologically, and we have Dr. Johnstone's Report of 1910. A comparison of the two reports is most instructive. In the Report of 1901-02, the relation of a milker, N., to outbreaks of typhoid fever was most carefully studied. There had been then two considerable prevalences, one in 1899 and one in 1900. With the latter (see p. 205, Report of 1901-02) N., it was argued, can have had nothing to do, and with regard to the former there was an element of doubt (see p. 201-2). But the same man, N., " had worked on two farms which supplied milk to six sufferers from enteric fever in Folkestone in 1896, and to fourteen sufferers in 1897; no case of a sufferer being supplied with such milk during 1898 is referred to. From the particulars given it appears that, at the time of the main prevalence, the milk with which the outbreak was associated was consumed, as the sole supply, or mixed with other supplies, in some 1,000 houses (or, say by 15 per cent. to 20 per cent. of the population of Folkestone). The facts regarding N. were noted as constituting a " somewhat singular coincidence," but it was pointed out that, in any event, milk " cannot be accepted as a full explanation of the local increase" of fever, during the years in question. It may be added that it is now apparent that the years, 1899 and 1900, of excessive incidence of fever in Folkestone, were also years of exceptional incidence in many other parts of the country, and notably was this the case in London; the exceptional incidence in the two towns strikingly corresponds, moreover, in relation to season of the year. So far the 1901-02 Report; but cases, as was naturally to be expected, occurred from time to time (on an average about three cases a year) among consumers of milk with which N. was associated. This is just about the number that might have been predicted if such milk was still being supplied to from 15 per cent. to 20 per cent. of the population of Folkestone.
Then, in 1909, a group of twelve cases occurred; N. was working at the farm supplying the milk, but averred that he had not been milking cows at the critical period. This farm is, however, added to the three farms of the 1901-02 Report; and investigation into the past turther revealed the fact that, fifteen years or more previously, N. had worked at a farm .where cases of typhoid fever were stated to have occurred. There is nothing, it seems, to show that milk distributed from this farm caused mischief at the time.
Dr. Johnstone, in 1910, mentions that during 1901 and 1905 there was evidence suggesting that N. milk was not infectious; but on the whole he holds that the milk of all five farms must be regarded as suspected; and, having now in view the demonstration of the fact that N. is a bacillus carrier, he concludes that during the past fourteen years typhoid fever has been spread in Folkestone mainly by milk infected by the man N.
If the fact that N. has been found to be a bacillus carrier is to be regarded as settling the Folkestone case, one cannot demur to the inclusion (a posteriori) of any of the more or less doubtful cases of typhoid fever, mentioned in the Report of 1901-02, as cases of that disease, e.g., the case at first regarded as influenza at No. 2 farm; 1 the two cases at No. 4 farm (see footnote on p. 201 of 1901-02 Report); and the cases assigined to N. milk in May, 1896 and in 1898 (there is no evidence in the 1901-02 Report justifying such assignment). But if we are to approach the question still from an a priori, i.e., from a purely I Cf. p. 197 of 1901-02 Report and p. 6 of 1910 Report. statistical point of view, the Report of 1910 nmaterially strengthens the case against the supposition that milk infected by N. was at fault. Thus there is the apparent non-involvement of consumers of the muilk supplied away from Elhami, fronm 1893 to 1895; the apparent absence of excessive incidence, beyond what chance would account for, in Folkestone in the six years, 1902-08; the exceptions referred to on p. 14 (1910 Report) . Finally, there is the consideration that the Elham Rural District, in which N. resided for fifteen out of the seventeen years, 1893 to 1909, shows, even when the cases with regard to which some doubt arises are included, an annual case-rate of only about 1 per 6,000 persons. This very low case-rate in Elham, which was harbouring a man who is supposed to have possessed quite a unique capacity for spreading infection, may be coimmended to the notice of those German and Amnerican authors who have recorded such dire results as occurring from association of persons with bacillus carriers. The Folkestone case cannot be regarded as decisive, and the imuportance of this fact cannot be insisted upon too strongly, for it is really the only case which has been exhaustively investigated on what niay be termed statistical lines. It is, indeed, a very debatable point whether there is, in fact, any conclusive epidemiological evidence to show that typhoid bacillus carriers (or paratyphoid bacillus carriers) are a source of danger.
In the light of this last consideration, it may even be urged that the question as to whether paratyphoid and typhoid bacilli are the causal organisms of paratyphoid and typhoid fevers should be still regarded as an open one. The frequent association of these bacilli with these diseases is readily explained on the hypothesis that the bacilli are common " secondary invaders," just as closely allied bacilli are in yellow fever and hog-cholera. In the case of paratyphoid bacilli their comnmon occurrence in Nature, and, in the case of both typhoid and paratyphoid bacilli, their frequent discovery in healthy persons, removes difficulty which night be felt in explaining their appearance as secondary invaders. On the other hand, the fact that outbreaks, closelv resembling typhoid fever, have been found in association with presence of bacilli other than the supposed causal bacilli, is easily explained if the secondary nature of the role played by the " causal organisms " be adnmitted. Such outbreaks have been described in India, associated with Bacilluts paratyphosus A; 1 in Sumatra, associated with the same organism; 2 an(d in Manchuria, associated with an organisml which resembled Bacillu.s Grattan and Harvey, Journ. Roy. Army MIed. Corps, 1911, xvi, p. 9. paratyphosus B, but gave a positive indol reaction.' Furthermore, on the hypothesis that the bacilli are really secondary invaders, it is easy to explain mixed infections of typhoid and paratyphoid, of typhoid and Malta fever,2 and of paratyphoid and Malta fever.' It is also easy to understand, on this hypothesis, such recently published results as those of Vallet and Rimbaud' with regard to the common occurrence of intermediate forms between Bacillus coli and Bacillus typhosus in the intestine of the dog.
To return, however, to the problem of the balls in the bag. Even granting, the objector may urge, that there is no conclusive laboratory evidence as to the presence of red balls in the bag, there still remains the fact that numbers of persons who have been suspected, on a priori grounds, of being carriers, have been actually proved to be carriers on bacteriological examination. The following considerations are deserving of careful study in this connexion.
In the first place, the bacteriological examination when suspects are in question is, at any rate in some instances, a very arduous undertaking. In the case of control populations, on the other hand, such examination is, as a rule, a much more simple affair. Dr. Theodore Thomson states that, when an ordinary population is examined, " The results show considerable variations, partly dependent upon the differing degree of frequency with which bacteriological examinations were miade and on the varying degree of efficiency of the methods employed." Moreover, he adds: " It cannot be said that investigation of this kind has yet been made on such a scale, or with such allowance for the varying circumstances of different populations, as to justify definite conclusion" (loc. cit., p. 247). Dr. Ledingham says: " It must be remembered that a single negative examination of the excreta can lead to no definite conclusion" (p. 315).5 Again, Schumacher suggests that "The proportion of explained cases depends on the time that can be spent on inquiry, on the persistence with which the bacteriological work can be carried out, and, finally, on the willingness of the people concerned to supply samples for examination."
The proportion of carriers in an ordinary population, we are told, I Horiuchi, Centralbl. f. Bakt., 1908 , I Abt., Orig., xlvi, p. 586. 2Lancet, 1910 ; also Centralbl. f. Bakt., Jena, I Abt., 1910, Referate, xlvii, p. 14.
" Centralbl. f. Bakt., I Abt., Referate, 1909, xliii, p. 185 . 4Centralbl. f. Bakt., I Abt., Referate, 1910, xlviii, p. 188. 5Conradi, it is interesting to note, has recently stated that a single positive result, as regards the paratyphoid bacillus, can lead to no definite conclusion. is about 3 or 4 per 1000. This result is arrived at, be it noted, upon single examinations, which "can lead to no definite conclusion." So much for the control population, now for the suspected one.
Dr. Ledingham (p. 255) says, the proportion of instances in which the typhoid bacillus can be detected in the fieces of typhoid convalescents " depends almost entirely on the degree of efficiency of the bacteriological methods in current use "; again (p. 256), "with further improvements in technique a still higher percentage will be obtained "; he speaks, too (p. 259), of " enormously prolonged intermittency in convalescent carriers."; further, in considering the importance to be attached to absence of bacilli in supposed bacteriological cures, he says (p. 256) "such cures must be regarded with great caution "; and (p. 317), " in order to be certain that the patient is bacteriologically typhoid-free a much longer period of observation (than the sixteenth day after operation) is necessary." Once more (p. 332), " Evidence derived from such a short period of observation (end of eleventh week) proves nothing"; and, yet again (p. 336), " No definite verdict . . . can be pronounced until the cases so treated have been under bacteriological supervision for at least one or two years thereafter."
In contrast with Minelli's 0 4 per cent.
(1 in 250), in a control population of prisoners, there may be cited the percentage of 11,6 reached by Semple and Greig in their work with convalescents (daily examination). In the infantry regiment of the. St. Brieuc garrison (p. 263), a careful clinical examination was made of those who showed the slightest symptoms of indisposition," and the fact was demonstrated that " a surprising proportion of them was found to give either positive Widal tests or typhoid bacilli in the fices." In sixty-four atypical cases the stools of thirteen, or 20'3 per cent., gave positive results. Scheller (p. 292) found among forty healthy persons, who had consumed a suspected milk, no fewer than eighteen bacillus carriers. Schumacher was able to trace 26'6 per cent. of the 1,750 cases occurring in an outbreak at Crov to contact with carriers; but his work (p. 362) " was limited only by the reluctance exhibited by a few families to provide material for examination, and even this appears to have been successfully overcome.
. ." And again (p. 362), "As the result of the extensive bacteriological work carried out . . . all the forty-five cases (1903-08) received adequate explanation."
In asylums large numbers of carriers have been found. Dr. Ledingham (p. 302) suggests that this is due to the fact that " the facilities for thoroughly carrying out bacteriological examination on a large scale are greater than is usually the case elsewhere, and correspondingly increase the probability of the detection of carriers." Nieter and Liefmann obtained a percentage of 2,8. Dr. Ledingham (pp. 306 and 307) records instances of 3 in 80, 3 in 110, and 7 in 110. But he says (p. 345): " In institutions a positive (Widal) reaction is occasionally obtained in persons whose feces, though repeatedly examined, fail to show the presence of the typhoid bacillus. Certainly in such cases we have to reckon with intermittent periods, imperfect bacteriological methods, and possibly other factors not yet fully understood." Kamm had " an experience which was unfortunate and perhaps exceptional," 8 positive reactions in 136 samples, but no typhoid bacilli in the stools. " It would be interesting," says Dr. Ledingham, " to know the further history of these cases, and whether definite carriers were ultimately discovered." It would be interesting, also, to know something more about the further history (after their submission to bacteriological supervision, with daily examinations, for one or two years), of control populations, dismissed as free from typhoid bacilli on the evidence afforded by a single examination, " which can lead to no definite conclusion."
As a dernier ressort, there is Weber's " method of demonstrating the presence of Bacillus typhosus in a carrier, who may not at the timne be actually shedding the bacillus in the faces " (p. 348). "Weber passed a dose of oil (about 200 c.cm.) into the stomach, thereby causing regurgitation of typhoid-containing bile into that organ. After half an hour the stomach was emptied and the fluid obtained, which presented an upper oily layer and a lower watery bile-stained layer. In two chronic carriers, whose stools contained only a very few typhoid bacilli, he was able to recover the typhoid bacillus from the upper oily layer. It is not always possible, however, to obtain this back-flow of bile into the stomach."
What would Minelli's 4 per 1,000 have been raised to had he adopted Semple and Greig's daily examinations; increased his percentage by tracing the further history of anv cases, at first giving negative results, but later showing a positive Widal reaction in 1 in 50 dilution; and finally dealt with all the outstanding instances by Weber's method? It cannot be argued that typhoid bacilli would have been found in a very large proportion of the prisoners, for, as Dr. Ledingham warns us (p. 330), " It must be remembered that our bacteriological methods are not yet sufficiently delicate to detect minimal quantities of typhoid bacilli in excreta."
Another point must not be forgotten. A particular suspected person now and again proves to be a carrier. Other suspected persons turn out not to be carriers. Rosenthal (p. 277) examined the feces of thirteen suspects and found one carrier. At Lailey's Row (p. 286) fifteen persons were examined; Kossel (p. 289) examined fifteen persons; Lumsden and Kastle (p. 292) thirteen persons; Scheller (p. 292) conducted an "extensive investigation from a carrier point of view." Friedel (p. 304) carried out a like comprehensive investigation with negative results, and then later, a more extensive one, with the outcome that a female, aged. 65, was found to be a carrier. Kayser (p. 290) had to have recourse to " much touring among the farmers who supplied the milk." Semple and Greig examined all the " cooks and contacts " in a particular regimental unit, and again, " a large number of healthy soldiers," before obtaining a positive result.
A remarkable military instance presenting peculiar difficulties is that described by Niepratschk (p. 311). The cooks and assistants failed him, so he began "a systematic examination of the 'Unteroffizieren ' of the individual batteries." At length Sergeant B. was found to be a carrier, excreting 21 millions of typhoid bacilli per cubic centimetre of urine. The battery he belonged to was not specially affected; all three batteries were equally involved. It was suggested, in explanation of this anomalous circumstance, and as no hitherto recognized mode of spread could be appealed to, that the men who removed the stable litter had especially suffered, and hence that Sergeant B. must have urinated in the stables. Sergeant B., however, denied this, alleging that he had always used a particular urinal, so the alternative hypothesis is advanced that, here, by splashing, the trousers and boots of men standing near him were contaminated, and the significant fact is noted that those who cleaned these boots suffered; moreover, the shoemaker who mended Sergeant B.'s boots contracted typhoid fever. Curiously enough all but two of the fellow " Unteroffiziere" of Sergeant B. escaped, but they did not brush their own boots. Again, there was a handrail covered with wood, on the surface of which Sergeant B.'s hand must frequently have rested, as he passed up the steps, leading from the urinal to the canteen room, to obtain his glass of beer; and it is suggested that the hands of the sufferers also rested on this handrail, for the entire strength of all three batteries ascended this particular flight of stairs. But, if this handrail caused so much mischief, and if Sergeant B. infected with such unerring certaintv the boots and trousers of the man who stood next him in the urinal, it is quite impossible to understand why the "Unteroffiziere" A-12 with whom Sergeant B. was day by day intimately associated in multitudinous ways escaped as lightly as they did.
As far as I can learn the most exhaustive series of examinations of a typhoid carrier is that recorded in the Journal of Pathology and Bacteriology, July, 1910, by Walker Hall and Roberts.' The woman was under first one and then another form of treatment, and her urine, faeces, and blood were examined daily continuously for fifteent months;
for nine months the urine gave negative results. The writers say: " These daily examinations made such demands on our time that it was impossible to investigate the matter from other standpoints." Examinations of so exhaustive a kind on a control population, say on Minelli's 250 prisoners, would be an exceedingly serious undertaking. The prospect opened up is, from some points of view, a visionary one. With such extension of the activities of the working bacteriologist as would be likely to result, there should be great increase, in the near future, of opportunity for acquirement of special knowledge; indeed, the expert might hope, at no distant date, to attain to the degree of proficiency and precision of the workers, described by Swift in his account of Laputa, who, on a strict view of suspected excrements, were able to form a judgment of men's thoughts and designs, and who had satisfied themselves that the " ordure of the man who was plotting regicide presented characters clearly distinguishing it from that of one who thought only of raising an insurrection or burning the metropolis." The report of Niepratschk prompts the reflection that bacillus carriers are nothing if not specialists. For example, there is Kayser's baker's wife, whose victims were "apprentices "; Mayer's mainager (p. 277) infected a water-closet; the mischief attributed to Rosenthal's female carrier (p. 277) was wrought by means of vegetables; Kayser's Frau H.
(p. 280) contaminated well water; and his Frau B. fruit and pastry; Friedel's (p. 304) carrier's medium was potato salad. There are several infections of milk; it should, however, be noted that in one of them2 the milker at fault suffered from facial paralysis, and " had no control over his flow of saliva" . . . and this " might have become mixed with the milk at milking time." Finally, there is the happily unique caset of Niepratschk, already discussed, in which straw, boots, trousers, and the wooden handrail on the stairs leading to the canteen room, may have all played a part. It has been pointed out that the Folkestone carrier, I Journ. Path. and Bact., Camb., 1910, xv (Proc. Path. Soc. Gt. Brit. and Irel., July 8-9, 1910, p. 120).
2 Lancet, 1910, ii, p. 794. despite his milk record, did not cause a high attack-rate in Elham; but this circumstance is far less extraordinary than the fact that Sergeant B., who infected so many men in two batteries to which he did not belong, did so little mischief among individuals with whom he was especially associated. Again, the account given of Sergeant B. makes one wonder whether the man who brushed Mayer's " manager's" boots and trousers escaped; how it was that his shoemaker was not attacked; and whether any bacteriological examination was made of the handrails of any flights of stairs which, at one time or another, this manager may have ascended. It is noteworthy that the attempt to obtain a previous history of typhoid in persons who are found to be carriers is fraught with extreme difficulty. Dr. Ledingham refers (p. 355) to " accumulated knowledge regarding, atypical and apparently symptomless enteric fever on the one hand, and typhoid carriers with no history on the other." Then there is the need for going back so many years. For example, in Klinger's case (p. 258) the attack dates back thirty years; an American case (p. 265) dates back thirty-eight years; Kayser's case (p. 275), thirty years; Mayer's (p. 276), forty-nine years (i.e., to 1857), one knows not with what precision typhoid fever was diagnosed in the Bavarian Pfalz sixty-four years ago; Rosenthal's very dubious case dates from 1878 (p. 277) ; Greig's case goes back to 1856; and the illness of Miss S. occurred in 1877. Dr. Ledingham says (p. 267): " The difficulty of obtaining accurate past histories is . . . very considerable." He thinks some carriers may have had typhoid fever in a slight or atypical form; in other words, that accurate knowledge would be likely to increase the percentage of cases with a previous history of typhoid. There is always, however, the possibility that accurate knowledge would diminish the recorded percentages. * Again, there is the uncertainty as to the nature of the illness in many instances. Compare, for example, the histories cited by Baumann (pp. 281 and 282), Watt (p. 283), by Johnstone at Jennet Hill (p. 285), the Kasauli case (p. 310) ; and Mrs. H.'s febrile attack of May, 1908 (p. 329) , is another instance in point. It is, moreover, worth while remembering that " Typhoid Mary" is not known to have ever had typhoid fever, and that the attack of the Folkestone carrier himself is based upon slender evidence. ".The only severe illness he was able to recall occurred about thirty years ago. At that time he had suffered from lassitude, lack of appetite, and general malaise; and, though he was not bad enough to take to his bed, the illness had left a lively impression on him and his wife." Even when, after pressing inquiry as to history of typhoid fever far back into the past, success is achieved or within sight, there may still be the difficulty Seige' has referred to. There is a suspected person with a possible history of typhoid, but a positive bacteriological result is wanting. It may not be easy to remedy this defect. Thus quite recently a Neolithic skeleton was discovered in Essex, within which were seeds of the dog-rose and blackberry. The man must therefore have died in the autumnn, and he was apparently a young adult. A positive result here, in a possible case of typhoid fever of 4,000 years ago, would on ordinary contact infecti6n principles have once and for all accounted for every case of the disease occurring since Neolithic times.
Further, there are the instances of non-effective carriers, such as those of Dean (loc. cit., p. 321), Conradi, &c.; and, in particular, those kept under close daily observation in America and in this country. In addition to all this there is the need for further explanation, in relation to the carrier hypothesis, of the peculiarities of distribution of the lesions met with in carriers; and there are striking anomalies, to which the President of this Section has called attention, as regards incidence of the carrying propensity upon age and sex, and the failure of ascertainable effect after a considerable body of presumably infective material has been implanted in a community as the result of a water outbreak.
The most important point of all, however, in connexion with study of the class of difficulties under consideration, is the fact that it has now become clear that account has to be taken of the possibility of "mutation." Certain ordinary intestinal organisms may apparently acquire the capacity of invading the blood and ti-ssues, and at the samne time may assume characters closely simulating those of pathogenic forms. This is the case in hog-cholera, for example, or in the epizootic of guinea-pigs, described by Petrie and O'Brien. The idea that such changes may occur has again and again been mooted, but to the demand of the precisians for ocular demonstration there has been, in the last two or three years, actual response. Few had ventured to anticipate that the operations of Nature could be mimicked, even under the limitations of laboratory conditions, but in the light of the work of Reiner Muller, Massini, Twort, Ainley Walker and Burton Bradley, it is clear that there is need for reconsideration of the position as regards supposed specific distinctions.
Koch remarked at the Tuberculosis Congress at Washington, that ' Klin. Jahrb., Jena, 1905, xiv, p. 507. the possibility of the transformation of the typus humanus into the typus bovinus was of great theoretical but no practical interest. A sinlilar point of view is that which has been presented, in a detailed statement, by McConkey, in a paper dealing with those members of the Bacillus coli group which ferment lactose. He says: " From a practical standpoint it matters not whether these organisms are different bacilli or one bacillus in various guises. If organisms isolated from a certain material (A) give, in the majority of cases, a certain series of reactions (a,, a2, a3), and if organismns isolated from some other material (B) give, in the mnajority of instances, a different series of reactions (bi, b2, b3), then we would be justified in associating the series (a,, a2, a3) with the m-aterial (A), and the series (b1, b2, b3) with the material (B); and if we found both the (a,, a2, a3) series and the (bi, b2, b3) series given by organisms isolated from (B), we could presume that some of (A) had become mixed with (B). It might be that both series of reactions were given by the same organism, and that the difference was simply the effect of environment. This would not affect the conclusion. It would only show that the organism had not been long enough in (B) to have its (a,, a2, aa) series altered by the changed environment." There are probably few who would be prepared to accept this statement without modification now. The work done in connexion with hog-cholera or with the guinea-pig epizootic, just referred to, makes it clear that there is need for having in mind the possibility that in a given material (A) there may lurk unrecognized organisms capable of giving reactions (b1, b2, b3). But, then, it has been objected, consideration must be limited, in such a connexion as this, to study of pure cultivations; what occurs in Nature, so the argument may conceivably run, is of theoretical interest, but there is the practical-what happens in the test-tube. The demand made is an extremely exacting one; at first sight it seemed a hopeless task to attempt to meet it; but, now, on Reiner Muller's plates and in Twort's fermentation tubes the unexpected has happened. Mutation has been actually encountered in pure cultivations; it can no longer be alleged, therefore, that it does not occur in Nature.
Those, on the other hand, who have always disputed the claim that it is incumbent upon the believer in mutation to demonstrate its occurrence under laboratory conditions, will now, more than ever, insist that the environmental influences in the test-tube can no more be presumed to teach all that happens in the living body than, -to quote the famous simile, the jelly on the strand can be expected to tell dry sea-beach gazers how it fared "when there was mid-sea and the mighty things."
But, in further objection, it may still be urged that the verdict concerning the linmitations of the fermentation test (pronounced in the case of Gram-negative cocci, for example, by Blair Martin, and in that of the streptococci, by Ainley Walker) does not affect the position as regards the typhoid bacillus; for here, we are told, agglutination can be appealed to as well as fermentation. Dr. Ledingham, however (p. 347) , 6bserves that *there are " many members of the non-lactose group whose appearance on plates may simulate strongly that of the typhoid colony, which may indeed give a slight reaction with a potent antityphoid serum, but which can be absolutely excluded by their ferinentation and other properties." So that, once again there is a circle in the proof after all. Dr. Twort told this Section that " no one was justified in asserting that a certain organism did ferment a particular sugar and another did not; it was purely a matter of degree." What becomes, if his view be accepted, of the distinctions drawn1 between Bacillus typhosus and some other non-lactose fermenters? We have been recently assured that Morgan failed to find' Bacillus typhosus in diarrhcea stools; but in his paper he showed that bacilli of " Type Flexner" are of quite common occurrence in such stools; and the criteria differentiating such bacilli from typhoid bacilli must now apparently be admitted to be of an evanescent character. It is deserving of note that the use of media of selection has demonstrated the fact that some typhoid strains are able to grow on media upon which others are completely inhibited. Moreover, Dr. Ledingham (p. 353) insists that, in testing the virulence of strains of typhoid bacilli, " as small an interval as possible should elapse between isolation of the strain and the determination of its virulence"; again, Scheller (p. 354) believes that " an avirulent bacillus may suddenly regain its virulence."
Whether, however, mutation of bacilli ordinarily present in the human intestine, resulting in their becoming typhoid bacilli, occurs or not, there is abundant scope for the transfoqmation at any time of any Londoner into a healthy typhoid carrier. Dr. Houston, in a recent report, has given the result of a search for typhoid bacilli in London drinking water (raw Thames water), estimating at the same time the delicacy of the method employed. He found one typhoid bacillus in 12,000 c.c. of water (twenty-four samples), and his test was sufficiently I See Morgan and Ledingbam's Table (Proceedings, 1909, ii, pp. 149.149) . delicate to enable him to detect typhoid bacilli, provided there were more than seventy or eighty in each 500 c.c. of water examined. On this basis of reckoning (and, imperfect as it is, it is the only one at present available), each Londoner consumes in filtered water' not more than one typhoid bacillus a day, but more than one bacillus about every three weeks.
When bacteriological methods are sufficiently delicate to permit of the detection of the typhoid bacilli we all harbour, it will no doubt be admitted that we are all healthy bacillus carriers. What will then be the significance of the discovery of the presence of typhoid bacilli in the excretions of a person suspected of having infected others with typhoid fever?
CONTACT INFECTION.
An examination of the evidence upon which outbreaks of typhoid fever have been attributed to the influence of bacillus carriers, illustrating strikingly as it does the need for checking the results obtained in a suffering population against those obtainable in a control population, suggests application of a similar procedure in making investigations with respect to contact infection generally.
In dealing with carriers, as with drain effluvia, water, shellfish, and the rest, regard must always be paid to the likelihood, a priori, of being able to associate, as a mere chance coincidence, one or another possible cause with particular cases of disease. This principle must also be borne in mind in connexion with supposed cases of contact infection. There has of late years been a marked tendency to assume that, if a case may have been infected directly from a previous case, as a matter of fact, it has been so infected. There is no doubt a sort of excuse, in dealing with an individual case, for unhesitatingly accepting, in the absence of something better, any probable or even likely explanation. But, as soon as a number of cases can be brought under review, the correctness of a generally accepted doctrine can be tested by applying control methods.
The popular belief with regard to contact infection can be subjected to scrutiny in this way by examining the facts as to the attackrate of nurses in institutions. Judging by the Census Return, the resident female staff in the large hospitals (including fever hospitals) I The reduction in the number of total bacteria effected before water is delivered to the consumer averages about 99 per cent. and infirmiaries of London approximates, roughly speaking, to about one per cent. of the female population over 10 years of age. Again, examination of the London notification returns for 1899 and 1900 shows that the incidenceof typhoid fever upon the said staff was twenty-two cases in 1899 and thirty-four cases in 1900. This case-rate does not very much exceed that upon other womnen of corresponding ages in London in those years. This is a rough test at best; we are on surer ground, however, if consideration be limited to the Metropolitan Asylums Board Hospitals. The official reports of the last twenty years show some 200 cases of typhoid fever (allowance must, of course, be made for instances in which the same case appears in the returns for two consecutive years, and is thus liable to be counted twice over), an average of about ten cases per annum. If the mean population at risk be taken at 4,000, and the average case-rate for women of the ages in question at 8 per 10,000, only some three or four cases per annum could be expected to occur as a mere chance result.
But two considerations need to be borne in mind. Typhoid fever more particularly affects certain sections of the London population, and hence question rises as to whether the female staff at the fever hospitals have circumstances in common with the sections of the population which escape or with those more especially attacked. Again, the likelihood of detection of atypical and obscure cases of typhoid fever in a fever hospital is certainly much greater than it is outside such institutions. In correspondence with this the low case-mortality of typhoid fever occurring in the Metropolitan Asylums Board staff is deserving of note.
In the-light of these two considerations an annual average of ten cases cannot, it may be submitted, be regarded as being greatly in excess of the number which might have been expected to occur, apart altogether from any supposed special risk from contact infection.
A very remarkable point about the typhoid fever of fever hospitals is the tendency of the cases to present themselves in groups. In some instances, mnoreover, the occurrence of a group of cases inside the hospital coincides with development of localized prevalence of the disease in the neighbourhood of the hospital. This was notably the case, for example, at Homerton, in 1893, 1899, 1900, and again in 1910. In the last-named year there was reason for thinking the cases inside and outside the hospital were due to a common cause.
In the well-known discussion on the direct infectivity of typhoid fever1 but scant attention was given to the question as to whether the Tranp. Epid. Soc. Lonzd., 1899 -1900 case-rate in nurses, &c., is higher than might be anticipated on a mere chance distribution of the cases. Both Dr. Caiger and Dr. Goodall, however, stated that the nurses, &c., attacked in the fever hospitals under their control were, in a very large proportion of instances, ascertained to have been "working in enteric fever wards." For the last ten years great significance has been attached to this observation; but it is desirable that there should be a clear understanding as to what is ineant by "working in enteric fever wards." In connexion with the development of five cases of typhoid fever among members of the female staff at Homerton last autumn, Dr. Goodall and I carefully considered this question. Three, perhaps four, of the sufferers had nursed typhoid patients. We found that, on a cursory view, roughly, less than 15 per cent. of the control population were " typhoid nurses"; but, on full investigation, with help of carefully kept records as to employment of the nurses, and after questioning a number of the nurses themselves, it transpired that, taking account of changes of duty, of " days off," of temporary substitution of one nurse for another, and so on, instead of 15 per cent., about 50 per cent. of the nurses had, in one way or another, been associated with typhoid fever cases in the preceding two months. When typhoid fever is diagnosed in a nurse working in a fever hospital, any association with typhoid fever patients counts. The "sufferer population" is very closely questioned as to such contact. The " control population " must obviously be just as closely questioned. The point which should be determined is whether the nurses attacked by typhoid fever are, or are not, in overwhelming proportion, singled out from among those engaged in continuous attendance upon typhoid fever cases. There has, in the past, undoubtedly been room for much misapprehension here. Another difficulty is that in atypical cases, when judgment as to the diagnosis hangs in the balance, there may be a disposition to lean to typhoid fever, if there is a history of contact with typhoid patients, and there is not the same disposition in the case of a nurse with no history of exposure to " contact risks." Yet again, it cannot be doubted that a nurse who has been working among typhoid cases is miore likely to report malaise (with headache, &c.), and to suspect that she is suffering from typhoid fever, than is a nurse who does not believe herself to have been exposed to risk. I have been told by a nurse that she ascribed her attack to having had charge of a particular patient, when, as a matter of fact, having regard to the question of dates, infection from the supposed source could almost certainly be excluded.
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In the light of these considerations one goes back to the carefully weighed judgments on direct infection of men like Murchison and Fagge,' and when we are told that typhoid fever has changed its type, and that it now shows ability to spread by contact infection, whereas it did not do so in Murchison's day, we may well remember the warning of Murchison himself, in a somewhat similar connexion, and consider whether the diversity may not reside, in some degree, at any rate, " in the mental revolutions of practitioners rather than in the actual revolutions of disease." Kelsch 2 has observed that, with our predecessors, contagion was nothing; with our contemporaries it is everything. Both cannot be right, and, with regard to a question which turns on careful examnaination of actual facts, our predecessors are not likely to be in error, for in this field of inquiry they are past masters.
If we turn from the study of hospital staffs to that of contact infections in the ordinary household, we are at once involved in the gravest difficulty. Such sequences of cases as those discussed in Dr. Goodall's paper, or those referred to in many annual reports of medical officers of health in recent years, may of course have been due to contact; but, generally speaking, careful consideration will show that they may at least equally well be traceable to repeated re-introduction of infection into the household. Each localized prevalence must be taken on its own merits, but there is good reason for thinking that, speaking generally, a greatly exaggerated view of the importance of contact infection prevails at the present time.3 LENGTH OF INCUBATION PERIOD.
These considerations make it desirable to say a word, in conclusion, on the subject of length of incubation period. It is generally assumed that the incubation period in typhoid fever does not exceed one month. The study of several outbreaks of typhoid occurring in London prompts the suggestion that the period mnay be longer than this, and may extend to at least six or seven weeks. Thus, in an outbreak, in Southwark in 1900, believed to be due to food infection, those cases, which developed more than four weeks after the presumed date of distribution of the infected food, were, in accordance with the accepted view at the time, 'Vide Trans. Epid. Soc. Lond., 1899-1900, N.S., xix, p. 164 et seq. 2 Rev. d'Hyg., Par., Jan., 1911. 3I have discussed this question at some length in reports on particular typhoid fever outbreaks in 1908 and 1910. classed as " secondary," though with some hesitancy in particular instances. It is now, however, by no means clear that these cases were not really primary cases. Again, in Shoreditch' in 1908, the dates of occurrence of onset of symptoms in a few instances appeared to cast doubt upon the ordinarily accepted view as to length of incubation period.
Last autumn opportunity was afforded for further study of this question. The dates of onset of symptoms of the cases constituting two special prevalences, made the subject of study, arranged themselves in two main groups, one having a time-range from August 10 to fate September, the other a time range from September 1 to the middle of October; in each instance a period of some six or seven weeks. The most natural explanation of the occurrences was found to be a food infection hypothesis, and a detailed study of all the circumstances in the individual cases distinctly favoured the supposition that single infections were responsible for the prevalences. Accepting this view, it would be necessary to assume that, in extreme instances, the incubation period of typhoid fever may extend over as long a period as six or seven weeks.
In support of such a contention appeal may be made to the Winchester outbreak, reported upon to the Local Government Board by Dr. Bulstrode, in 1901. Some of those who partook of the implicated oysters did not, it will be remembered, develop symptoms until after the lapse of over a month--nearly five weeks in two instances. Moreover, Klinger' states that he has found the incubation period extend to fiftyfour days.
It is noteworthy that a few of the late attacks, in London in 1910, were second cases reported from households already invaded, and some of these late cases might therefore quite reasonably be regarded as "secondary " cases. But one of these late cases was not secondary to a previous attack in the same house, and the man was almost certainly infected at least five weeks before the recorded onset of symptoms, as he partook of the suspected food only on three or four specified days at the end of the week ending Saturday, August 13. There were, moreover, other instances in which the incubation period was in all probability a long one.
The view held by an investigator with regard to " length of incubation period" materially influences his attitude towards " direct infectivity." Are the second and third cases in houses which occur two, three, or more weeks after the date of a food or water infection to be regarded as "primary " or " secondary "? The usual practice is to refer them to contact infection, but there are reasons for not too unquestioningly adopting this course. Thus it will be noticed that these supposed secondary infections come absolutely to an end within a limited number of weeks after the date of infection of the primary cases. In the great water outbreaks (iincoln, Maidstone, Worthing, &c.) this is borne out. Again, in the London prevalence of last autumn, all the supposed "secondary cases," in a particular locality, were those of persons who had eaten some suspected food obtained from particular suspected shops, and it should be further noted that they were in all instances very mild cases. In slight attacks of typhoid fever it is difficult to fix with precision the date of commencement of illness, and some of the patients may have developed symptoms earlier than the date specified. Beyond this it is known that approximately 12 per cent. of the recognized cases of typhoid fever suffer from "relapse." This fact suggests the possibility that some of the outlying mild cases, occurring five or six weeks after distribution of an infected food or water supply, are really instances of relapse following upon unrecognized or " ambulatory " typhoid fever. Finally, it may be remarked that, following upon a single case of typhoid fever in a house, there is a tendency to diagnose any obscure illness in the household as typhoid fever also. This tendency was apparent in London last autumn in certain instances, and the history of recorded outbreaks of typhoid fever suggests that the same influence has been at work elsewhere.
In endeavouring to bring before the Section reasons against thinking mainly or entirely on "living' lines," in dealing with typhoid fever, reference has been confined absolutely to discussion of the shortcomings which those who do not accept the bacillus carrier hypothesis regard as constituting its sins of cominission. There are, of course, also sins of omission; the failure of the hypothesis to throw light upon the general epidemiology of typhoid fever, seasonal prevalence, age and sex incidence, distribution in time and place, association with spread by ingesta, and so on. The discussion of all this is beyond the scope of the present paper. There are, however, it may be observed, many who think that the sins of omission of the bacillus carrier hypothesis constitute a more serious indictment against it than do its sins of comnmission.
DISCUSSION.
The PRESIDENT (Dr. Theodore Thomson) expressed the thanks of the Section to Dr. Hamer for his paper, inwhich he had marshalled all his facts with his usual skill, and discussed them with great lucidity. Many of the points raised were of extreme interest. Some of them perhaps would not command universal agreement, particularly among bacteriologists.
Dr. LEDINGHAM, in opening the discussion, said he hoped he might be excused if he refrained from complimentary remarks, as he intended to traverse Dr. Hamer's paper entirely in a controversial spirit. It was now nearly ten years since the importance of the typhoid carrier in spreading typhoid fever came to be recognized. The typhoid carrier had come as a boon and a blessing to the bacteriologist and the epidemiologist, and he failed to understand Dr. Hamer's statement that a state of mental paralysis overtook the epidemiologist when he was informed of the result of the examinations of exereta of a suspected typhoid carrier. So far as his own experience went he had been more struck with a state of mental exultation. Dr. Hamer remarked in the paper that a priori reasoning had been lacking in the investigation of particular epidemics associated with typhoid carriers. He (Dr. Ledingham) would point out that in the discovery of the typhoid carrier a priori reasoning only was employed, and it was only after all other possible causes of infection had been exhausted that recourse was had by certain acute minds to the possibility that the typhoid bacillus might sojourn for long periods in the animal body. He thought the main position of the typhoid carrier as an infecting agent in the spread of typhoid fever remained at present unchallenged, although he admitted that numerous difficulties still remained to be explained, from both the epidemiological and bacteriological standpoints. With regard to the question of carrier infectivity to which Dr. Hamer referred, and the instances given in his (Dr. Ledingham's) recent report, he wished to state that in compiling those instances for publication he had had the great advantage of Dr. Theodore Thomson's advice. It frequently happened that the evidence which suited him (the speaker) was not enough for Dr. Thomson, and accordingly they generally made a compromise. In some cases, however, where for the sake of completeness of proof he proposed tendering elaborate evidence of a negative character from examinations of water supply, &c., Dr. Thomson had advised its omission as the evidence already given was sufficient. It was quite inaccurate to state that these cases ultimately traced to carriers had not been carefully investigated from other points of view. With regard to the general objections brought by Dr. Hamer, he had cited Conradi's view, that it was difficult to prove that the carrier was infectious, because he was generally discovered in infectious surroundings. Dr. Hamer had forgotten the other facts in the history of the typhoid carrier question; he forgot that though it might be difficult to prove that the carrier was prima facie infective, if that carrier were isolated, no further cases arose. Also he omitted to state that it had been shown by the German statistics that after the carriers had been isolated or advised with regard to hygienic precautions, use of disinfectants, &C., the percentage of cases due to those carriers had markedly diminished. The evidence was given in that report, and could be relied upon. There were also cases due to declared carriers. Carriers had been found, but they had neglected to take the proper hygienic precautions, and further cases had been found to arise from them. He might also instance a recent case which had come to his niotice. An asylum in Germany which had been typhoid-ridden for many years was enjoying a period of immunity from typhoid fever owing to the discovery and isolation of carriers, when another case arose. The person affected was the nurse in attendance in the carrier isolation ward. That, in his opinion, was a beautiful instance of the infectivity of the carrier. There was also good evidence of carriers having infected themselves. A recent instance which he noted had occurred in a case of a surgical operation on the gall-bladder for gall-stones. There was no question at the time of the patient having had typhoid, or of typhoid bacilli having taken any part at all in the causation of the gall-bladder lesion. Sixteen days after the operation, however, the patient developed typhoid fever.
Passing to the instances of infectivity which Dr. Hamer hald quoted from his (Dr. Ledingham's) report, he (the speaker) was not prepared to admit that in the investigation of small country endemics or domestic outbreaks it was possible to apply statistical methods. The population involved was too small, the matter was complicated by the occurrence of secondary cases, by the infrequency in the excretion of the typlhoid bacillus, and by other factors. In institutions statistical evidence was impossible. Nowadays investigators had atdmittedly preconceived notions as to the presence of carriers, and accordingly did not now sit in an armchair and work out the probabilities of contact of one patient with another; they looked upon all persons in a typhoid-ridden institution as suspected persons; not suspected in the sense meant by Dr. Hamer. Statistics were inapplicable also, owing to intermittency in the excretion of the bacillus by the carrier. Perhaps this circumstance more than any other rendered explicable the occasional prolonged non-infective periods. He knew that Dr. Hamer did not believe that the typhoid bacillus was the cause of typhoid fever, and therefore they (Dr. Hamer and he) were starting on different planes. It would have been better if Dr. Hamer, in his paper, had confined his attention to one aspect of the subject-e.g., the question whether the typhoid bacillus was the cause of the disease-because his views on the carrier question were largely coloured by his conception of the essential wtiology of typhoid fever.
With regard to the individual epidemics referred to by Dr. Hamer, these would perhaps be dealt with by those present who happened to be responsible for the investigation of those cases. He (the speaker) apologized for any bias he might have had in reporting cases, but Dr. Hamer himself had not been quite free from bias, though his was in the direction of shellfish, and especially fried fish. Recently he had read a report by Dr. Hagier on the association of fried fish with cases of typhoid fever, and he seemed to have traced most of the cases to two or three fishmongers' shops. From Sir Shirley Murphy's report for 1905 it appeared that those fish in the course of frying were subjected to a temperature of 172'50 C. Two years ago Dr. Hamer put forward a view which, so far as one could understand, was that typhoid fever, or in fact any infection, was due to some subtle reaction between a specific " ferment " or " activator" and an associated bacillus. The latter might even be, in the case of typhoid fever, a transmuted Bacillus coli. Dr. Ledingham took it that if fried fish was subjected to a temperature of 172 C. the " activator" could not be a ferment or a living virus. The virus of anterior poliomyelitis was destroyed at a temperature of 700 for an hour, and other viruses could be killed by similar temperatures. The virus in fried fish must be of the nature of a ptomaine; when the ptomaine got into the intestine it found some bacilli there, possibly the ordinary colon bacilli, on which it acted as a stimulus. Perhaps Dr. Hamer's " activator " met the " ubiquitous" typhoid bacillus forthwith, endowed it with pathogenicity, and so produced typhoid fever. Dr. Hamer's "activator" was his substitute for the varying susceptibility of man to disease, but that factor Dr. Hamier did not recognize throughout his paper. Dr. Hamer said he had always kept the carrier hypothesis in mind throughout his investigation. He (the speaker) looked through the report to find if any investigation had been made on that point, and whether typhoid bacilli had been found in the exereta of the people in the fishmongers' shops. He found no evidence of that, and therefore he asked whether such investigation was made, and if not, why it was omitted. After all, a living typhoid bacillus was better than a dead fish. Dr. Hamer, in referring to certain instances of carrier infectivity, had remarked that typhoid carriers were nothing if not specialists. They were bound to be specialists. If a milkman handled milk, milk was most likely to be the medium of conveyance; if an old woman sold vegetables, vegetables were most likely to be the means of conveyance. They were the articles through which the carriers came into contact with other people. Dr. Hamer considered it was preposterous to make a point of the presence of typhoid bacilli on the handrails of stairs up which a regiment of soldiers marched. He (the speaker) did not think it at all unreasonable. Lieut.-Col. Sir D. Semple had recently informed him that on several occasions he had invited his army carriers into the laboratory without their knowing what he wanted, and got them to place their hands on Conradi plates. He detected typhoid bacilli on those plates afterwards. Neither was it unreasonable to associate the cleaning of the boots with the occurrence of the fever. Urinary carriers were particularly infective, as the urine contained thousands of bacilli in every drop. He would leave the criticism of the Aberdeen cases to be dealt with by the Aberdonian observers, who were not hampered by heterodox views with regard to the typhoid bacillus.
Dr. Hamer laid great stress on the postulates of Koch. But bacteriologists had now outgrown Koch's postulates, as Koch himself outgrew them. The chief postulate on which Dr. Hamer insisted was that typhoid fever must be 1.35 transmissible to animals. But the evidence was clear that man, who was an animal, could be infected by the typhoid bacillus alone, without any hypothetical virus in the case at all. There was the unfortunate series of typhoid fever cases which occurred at the Lister Institute some years ago, and he asked whether those cases could be explained on any other basis than that the infection was due to a stock typhoid bacillus with which those persons were working. There was there no question of an additional hypothetical virus. The 'activator" in these cases was probably the lowered vitality of the persons infected, probably owing to the strenuous life in the laboratory. Dr. Hamer said that the typhoid bacillus was ubiquitous, and that if sufficiently frequent examinations were made all persons would probably be found to harbour it. He (the speaker) admitted it would be well if larger populations were examined from that point of view, but he thought it extremely unlikely that all persons would be found to be bacillus carriers. Dr. Hamer assumed that the typhoid bacillus might be a purely secondary invader of typhoid fever, analogous to the secondary position assumed by the Bacillus suipestifer in hog-cholera. The typhoid bacillus occurred, however, in every case of typhoid fever; but that was not so in hog-cholera concerning the Bacillus suipestifer. It had also been noticed that there was little or no agglutination of the Bacillus suipestifer by the serum of the affected swine. Then there was the question of atypical cases of typhoid fever. Apparently Dr. Hamer would not admit the varying susceptibility of man to disease as a factor in the production of infection. If there was one fact which had emerged from all recent bacteriological work it was that cases of infection with the typhoid bacillus could occur with very varying clinical symptoms. The same was true of dysentery and cholera. Bacteriologists recognized that fact as much as did epidemiologists. Dr. Hamer referred to the guinea-pig epizootic recorded by Petrie and O'Brien, but in. that outbreak the Bacillus suipestifer was not found invariably in the cases which succumbed to the virus. All bacteriologists admitted that the recent work on variation and mutation in bacteria was most important. The typhoid bacillus was everywhere regarded as the most constant organism in respect of its sugar fermentations, and he could see no evidence that the work on mutation and variation had influenced current views on the specificity of these reactions. In fact, probably mutation in the sense of De Vries did not occur in bacilli; Evidently those organisms had the power of varying only in particular directions; there was no evidence that it would ultimately be possible to. transmute the Bacillus coli into the Bacillus typhosus, though it might be possible to trace the purely vegetative evolution of those bacilli. But even though the Bacillus coli was so transmuted that it was indistinguishable from the Bacillus typhosus, it would still be a masked Bacillus coli. He objected to the term "intermediate types." In respect of sugar fermentations there was a smaller gulf between the Bacillus pestis and the Bacillus typhosus than between the latter and Bacillus coli. Dr. Hamer was not professedly a bacteriologist, therefore those points might not appeal to him. Bacteriologists were well aware of what was called heterologous agglutination; hetero-logous agglutinins could generally be separated off by the absorption method of Castellani. Finally, with respect to Dr. Hamer's statement that dysentery bacilli of Flexner type had been frequently found by Morgan in cases of summer diarrhcea, he wished to point out that such was not the case.
Dr. BAINBRIDGE said that on the question of the ubiquity of the paratyphoid bacillus, he thought Dr. Hamer had read the paper by Conradi, which suited his views, and had not paid attention to anything else which had been written on the subject. Conradi's statement that paratyphoid bacilli were very common in Nature had not been confirmed; in fact, it had been repeatedly denied, and in this country, at any rate, those bacilli had not been found, with one exception, in any but paratyphoid fever patients, or in persistent paratyphoid carriers. There was no reason to suppose that that bacillus was a secondary invader. With regard to the typhoid bacillus being a secondary invader, the fact that the bacillus could be demonstrated in the blood, 6ven during the latent period before the disease had started, was against that view of a secondary lhypothetical virus, which indeed had been looked for in typhoid fever, but without success; it had also been looked for without success in infections by the Bacillus enteritidis. With regard to mutation, he did not understand the remark: "Certain ordinary intestinal organisms may apparently acquire the capacity of invading the blood and tissues, and at the same time may assume characters closely simulating those of pathogenic forms." The bacillus was the same, whether it was in the intestinal canal or in the blood There was no question of change in the characters of the bacillus. There seemed to be no good evidence that the transformation of one bacillus into another had ever been completely produced in the laboratory ; whether it could occur in Nature would be very difficult to prove. True, a bacillus could be induced to take on certain new characteristics and lose others by careful training; but he believed that spontaneous changes of that kind were very rare, and even so they were not complete.
Mr. M. GREENWOOD, jun., said that, as a statistician, he was in general sympathy with Dr. Hamer's method, because he thought one function of a bacteriological laboratory was to provide material for the statistical investigation of disease, and that such an investigation was of fundamental importance. He wanted to ask a question about the Folkestone outbreak, because there seemed to be some discrepancy between Dr. Hamer's view of the statistical facts and the statements made in Dr. Johnstone's report. The problem for the statistician was to determine whether the incidence of typhoid on the consumers of the suspected milk was greater than one could attribute to chance, in view of the number of persons supplied with milk from the different sources. According to Dr. Johnstone's report there were four farms, milk from which might have been contaminated by the carrier-farms 2, 3, 4, and 5. Dr. Johnstone wrote ' that, as far as could be learned, the average number of houses Dr. R. W. Johnstone's "Report to the Local Government Board on Occurrences of Enteric Fever in the Folkestone Urban District," 1910, p. 11.
A 13 supplied daily with milk from No. 2 farm was 100; No. 3, 170; No. 4, 120; No. 5, 100 ; 170 houses daily was the largest average supply. The population of Folkestone was about 36,000, and it was necessary to suppose that something like 180 persons lived in each house to bring up the number of the population obtaining their milk supply from these farms to a number which would give the actual incidence of cases as described in the table, excluding imported cases. Dr. Hamer said: "From the particulars given it appears that, at the time of the main prevalence, the milk with which the outbreak was associated was consumed, as the sole supply, or mixed with other supplies, in some 1,000 houses (say by 15 per cent. to 20 per cent. of the population of Folkestone)." He was puzzled to see how one could get 1,000 families supplied, when the average daily supply to houses was 170 at the most. It was necessary to have milk every day, and so it was difficult to reconcile those two figures, even allowing for casual supplies. To him the only reconciliation possible was by supposing the incidence of typhoid in Folkestone to be limited to some special district in which 25 per cent. of milk was obtained from that particular farm. But he could not see any evidence in the Report that such was the case. Another explanation was, that all the cases were omitted which occurred up to 1901-02. Such an admission would not be a priori justifiable.
There was a series of persons, some of whom obtained milk from a particular supply, and others not; could those figures be reconciled with a pure chance distribution of typhoid? If one took the supply as stated, and allowed, e.g., 4en persons per house as a rough number, then in the series of years the expected incidence would be about 12, and the actual incidence among persons supplied with N -milk was 207. He did not see how one could reconcile the facts with a chance hypothesis unless one supposed that at every period of N's activity the milk supply of more than half of the population of Folkestone passed through his hands, and there seemed to be no evidence in the Report that such was the case. It would not be fair to attach great importance to the possibly large number of persons who obtained casual supplies from N without making allowance for the dilution of N milk with unsuspected milk. Dr. Hamer had not sufficiently explained the basis of his conclusions that the distribution was a chance one. It seemed to him that the question of the general frequency of carriers, as Dr. Hamer stated the problem, was a matter of definition. The argument appeared to be that every person in whom the bacillus had been detected was a carrier, and that every other person would be found to be so if enough examinations were made. The intensity of the condition must be considered; on such lines as those of Dr. Hamer one could never use statistical evidence. If it were to be a question of the relative prevalence of insanity in two towns, for instance, one might say the prevalence in town A was ten times that in B on the basis of the number of certified lunatics ; but it was open to anyone to retort that everyone was more or less mad, and that if the test were fine enough the insanity rate would be found to be 100 per cent. in both towns. Such an objection would not be of much practical importance, however, and the same might be said of certain difficulties raised by Dr. Hamer.
Dr. E. W\T. GOODALL remarked that the paper dealt with many important subjects-the question of contact, length of period of incubation, mutation of one kind of bacillus into another, and the further question of whether the typhoid bacillus was or was not the cause of typhoid fever. Any one of those subjects was sufficient for an evening's discussion. The special point he wished to deal with was that regarding infection by contact, more especially as applied to persons who were attending upon typhoid patients. When he introduced a discussion on that subject at the Epidemiological Society ten years ago he particularly pointed out that the infection in typhoid fever was not conveyed from the patient to the healthy person in the same way as the infection of small-pox or that of measles was supposed to be conveyed. It was conveyed through particular channels out of the body of the patient, chiefly by the exereta, and subsequently gained an entrance through the alimentary canal of the person attacked. The person attending on the patient probably became infected either by food contaminated by his own hands or directly from his hands. With regard to the attack-rate, the incidence of typhoid fever on the nursing staff in the hospitals of the Metropolitan Asylums Board was, according to Dr. Hamer, much about the same as it was upon women of that age throughout London generally. But he (the speaker) did not agree with that.
[Dr. HAMER: I said ten nurses were attacked where only three could be expected to be attacked.] Dr. Goodall remarked that that was a very large difference, and was equal to admitting that there was something very special in their surroundings. When typhoid fever arose in the neighbourhood of a hospital those suffering from the disease were sent into the hospital, and from them the nurses caught the disease. Hence when typhoid was prevalent in the neighbourhood it was also prevalent amongst the nurses, and their infection was not due to the same cause as was the general infection of the neighbourhood. He believed that the nurses did get the disease from their patients. In an investigation of the tables of illness of the staffs published by the Asylums Board he found that those hospitals to which there were no typhoid cases admitted were practically free from typhoid amongst the staff. On this question of diagnosis, he could say that the cases of typhoid amongst the staff were average cases; there was no question of putting any doubtful cases into the records. He thought the incidence of typhoid fever outside hospitals was somewhat exaggerated owing to errors in diagnosis. Seldom was the proportion of errors of diagnosis less than 25 per cent. in cases admitted to hospital. He thought that the explanation of the lower mortality among the nurses at Homerton than among the general patients was that the nurses were brought under treatment much earlier. With regard to Murchison's views, that observer was obsessed with certain curious ideas of the origin of typhoid fever, and those ideas could be read in all his writings. Murchison denied that typhoid occurred amongst the nursing staff of hospitals at all. We knew now, and even Dr. Hamer admitted it, that on that point Murchison was wrong. At Trans. Epid. Soc. Lond., 1899 -1900 the very time Murchison was enunciating his views, a correspondence was in progress in the medical journals showing that typhoid fever occurred amongst hospital staffs, especially if their members were nursing typhoid fever patients. Much as he would like to be able to say that the staff did not catch the disease from patients, he was convinced in his own mind that they did. Some years ago he looked up the question of the length of the incubation period of typhoid fever. One wanted to know in that respect when the exposure to infection ceased, and taking reported cases in which exposure to infection was known to have existed for a definite period, he was unable to find an incubation period of longer than twenty-three days, and that was in a person who had been discharged from a gaol where typhoid fever had been prevalent during his incarceration. He was, however, disposed to admit that the incubation period of typhoid fever might be longer than was usually admitted. He supposed it was possible for the typhoid organism to be absorbed into some of the glands of the intestine, and remain there for a considerable time latent, just as the tubercle bacillus could, without producing symptoms. In regard to some diseases, it would be as well to avoid speaking of an incubation period at all; it was doubtful whether it should be spoken of in reference to scarlet fever or diphtheria. While congratulating Dr. Hamer on the ability witlh wbich he had put forward his views, he could not help thinking that they were one-sided, and that he lhad been as guilty of important omissions as the writers whose opinions he had been attacking with so much vigour.
Dr. BUCHAN said that it was important for epidemiologists to observe, in investigating outbreaks of typhoid fever, that the finding of an associated bacillus carrier by the bacteriologist was not necessarily a full explanation of all the epidemiological facts, and therefore the termination of the inquiry. Dr. Hamer had shown by an analysis of several outbreaks attributed to carriers that there were difficulties in the way of accepting without restriction the bacillus carrier hypothesis. In some instances, for example, the carrier had appeared on the scene after the outbreak began. In other cases the epidemiological facts indicated a particular person as a carrier, but bacteriology was unable to confirm the suspicion. This had been explained by Dr. Ledingham by saying that present bacteriological methods were not sufficiently delicate to detect minimal quantities of the Bacillits typhosuis. While this statement by Dr. Ledingham would naturally be accepted, it did not transformi suspicion into fact. Another point to be noted in connexion with carriers as vehicles of infection was that it was often many years after the initial attacks of typhoid, and without further association with any case of typhoid fever, that they suddenly gave rise to outbreaks. Then there was the difficulty of obtaining a previous history of typhoid fever in many cases of carriers, and again, there were carriers who, up to date, had not given rise to a case of typhoid fever. These facts were bound to make us careful, and ought to make us try to assess as accurately as possible the epidemiological value of the new bacteriological facts with regard to typhoid fever which had recently been discovered. What were these facts?
It was now established that there were bacillus carriers who had had. typhoid fever. This fact naturally raised the question of the length of infectiousness in cases of this disease, and it was possible that the prevalence of typhoid fever could be explained by its being carried over from year to year and place to place by persons who were continuously or intermittently infectious. Similarly it had been established that there were persons who were carriers who had not had typhoid fever, and the possibility of these people being in the incubation stage of the disease, with that stage much longer than usual, had to be borne in mind. The case of typhoid fever following upon an operatio-n on the gall-bladder mentioned by Dr. LediDgham lent support to this view. Dr. Hamer had stated that some recent investigations by him had made him extend the incubation period to six or seven weeks, and Dr. Buchan believed that there were occasions when the incubation period of the disease was much longer than that. In any case, long infectious periods and long incubation periods as corollaries to the bacillus carrier theory helped us to explain some of the features of typhoid fever.
Dr. Hamer raised a point when he stated that possibly the importance of contact infection was much exaggerated at the present time. In investigating 946 cases in Birmingham, Dr. Buchan had been able to ascertain that there was contact infection in only 124, or 13 per cent. Of the other cases, some were due to shellfish, some even to fried fish, and some to watercress, and 661 cases, or 70 per cent., were unaccounted for, and were certainly not due to contact. Dr. Ledingham, in opening the discussion, had made a point that certain fried fish said by Dr. Eramer to have caused typhoid fever had been heated to a temperature of 172.50 C., and could not, therefore, have caused the disease. Dr. Ledingham did not say how long they had been so heated, but.
Dr. Buchan would like him to know that in experiments which he (Dr. Buchan) had conducted mussels had been heated in a steam sterilizer at 1000 C. for as long a period as four and a half hours without producing sterility.
In dealing with contact infection, the methods of infection also required. consideration. Dr. Hamer had shown that in cases of bacillus carriers it was. necessary to assume that the infecting person infected everything with which he came in contact, and it was to be noted that the path of infection in all cases. was assumed to be by the mouth. Dr. Buchan did not wish to quarrel with either of these assumptions, but it had to be fully realized that they were assumptions if it was desired to progress and to establish facts.
Perhaps the most important point in the paper was that dealing with mutation. Under certain circumstances it was known that the Bacilluts coli communis entered the body and caused disease-appendicitis, cystitis, pyonephrosis, &c. Possibly the same or some other organism more or less constantly present in the human body might under certain conditions in a similar way cause typhoid fever, but he did not think any definite pronouncement could be made in the present state of our knowledge.
To sum up, then, and to explain the occurrence of typhoid fever on the bacillus carrier theory it was necessary to assume that the bacillus carrier could. be continuously infectious, intermittently infectious, and auto-infectious, that prolonged periods of infectiousness and incubation might occur, that the carrier might infect anything with which he came in contact, and that the path of infection was by the mouth. If, on the other hand, one tried to explain the -occurrence of typhoid fever on the mutation theory, no assumption was neces-'sary, except so far as mutation itself was an assumption. Neither theory -explained, however, the seasonal prevalence of typhoid fever or its sex or age distribution. Obviously there was still much to be explained and accomplished by workers in this field of research, and he felt sure that Dr. Hamer's paper -would stimulate thought and work, and that the criticism to which Dr. Hamer had subjected certain findings was in the best interests of epidemiological science.
Dr. W. J. PENFOLD said: It had to be admitted that variations of the fermentation properties of Bacillus typhosus did take place. The variations -that had been described were the following:
(1) Bacillus typhosus had been trained to ferment lactose by Dr. Twort. 'This required two years' constant growth on lactose media. He (Dr. Penfold) had examined the strain so produced, and on plating on lactose he found it always a mixture of fermenting and non-fermenting elements. If subculture was made from a fermenting colony, again a similar mixture of colonies resulted. He had trained between twenty to thirty strains of the Bacillus typhosus for nearly two years on lactose media, and so far bad got none to produce fermenting colonies. It appeared, therefore, that the negative character -of Bacillus typhosus in respect of lactose was very stable indeed.
(2) Only one mutation in the strict sense had been described in the case of Bacillus typhosus, and that was in respect of isodulcite. It was a curious thing that R. Muiller examined seventy strains of the organism isolated without reference to this character, and found they all mutated in this way, and in -about the same time. He had up to date examined over thirty strains, and obtained the same result. This character tended to show the essential 'similarity of all typhoid strains, and R. Miiller declared it to be the most specific test for Bacillus typhosus.
(3) All typhoid strains fermented dulcite broth slowly. Occasional tubes did not show full acidity as indicated by litmus, but if two or three tubes were put on from any strain full acidity occurred. So here again the variation in dulcite media was general for the whole species.
Dr. Horrocks had recently revived the idea that Bacillus typhosus could be converted into an organism of the Bacillus alkaligenes type.' This was formerly -alleged in Germany, where further work appeared to discredit it. Dr. Horrocks's paper gave an account of thirty-seven experiments with five successful conversions of the Bacilluts typhosus into an organism of a non-fermenting type, and one experiment where partial success in this direction resulted. Out of the five, three were inoculated from the same strain of Bacillus typhosus, and it seemed not unlikely that this strain might have been contaminated. The partial conversion was also of the same strain. Dr. Horrocks's methods were by ' Journ. Roy. Army Med. Corps, 1911, xvi, p. 225. (1) symbiosis with Bacillus coli, (2) growth in extract of faeces, and (3) growth in mixtures of urine and tap-water. These results called for thorough examination. It was clear, therefore, leaving aside Dr. Horrocks's work which required further examination, that variations of Bacilluts typhosus in respect of carbo-hydrates either (1) were very slow in taking place-e.g., lactose-or (2) occurred in a definite manner-e.g., isodulcite-where all the strains. mutated in the same direction in about the same time. These latter facts tended consequently to reassure us in the use of the sugar tests for Bacillus typhosus, and also in believing the organism to be a very well defined and definite entity. The PRESIDENT said he wished to offer a few comments, because Dr-Hamer had made a strong point of the value of what he called l priori investigation. He agreed with the author that that was very important. In many of the numerous investigations which he (Dr. Thomson) had read where outbreaks. of typhoid fever had been referred to a carrier on insufficient evidence, there had been too much a posteriori reasoning. It had been said: "Here is a carrier, and therefore that is the cause," without taking care to exclude everything else. It was the duty of the epidemiological investigator, when he had set up. a theory, to demolish that theory if he could. Many investigators, if they found a carrier, thought that fact settled the matter.
He had a few reproaches to address to Dr. Hamer, because he did not think that all the epidemics had been investigated in the incomplete way Dr. Hamer indicated. He (the speaker) had known some which had been done very well indeed. He made that remark particularly because of the Folkestone outbreak, on which Dr. Hamer's comments did not seem quite sufficient, nor could he say they were strictly accurate. It was possible to be misled by the way in which Dr. Hamer put the matter. For instance, he said: It may be added that it is now apparent that the years 1899 and 1900 of excessive incidence of fever in Folkestone were also years of excessive incidence in many other parts of the country, and notably was this the case in London." That. was true, but that statement had no value of itself unless the two sets of facts were closely compared. He got out the facts in London, and found that for-1891-95 the mean annual average of enteric fever cases was 3,284, and in 1899, 4,467-i.e., one-third more. In Folkestone during the period 1891-95 the mean was 7 per annum, while in 1899 the number of cases was 87-i.e., twelve times as great as the previous mean. So the comparison which Dr. Hamer made did not help one in the matter. Dr. Hamer also said: "With regard to the outbreak in 1900, it was argued that the carrier could have had nothing to do. with it, and with regard to the former (the outbreak in 1899) there was an element of doubt." That was a reference to his (Dr. Thomson's) Report, and he did not think it expressed what he found. The truth was that the vast majority of the cases of enteric fever were associated with a milk supply which was derived from two farms. He was beaten; he did not know what was the cause of the infection of the milk, and he suggested as much in his report. He had to fall back upon the hypothesis that the series of milk outbreaks up to then had been associated with the water supplies from different farms in different years. When he had to consider which was the milk probably infected on the vaguest of evidence, he had to be guided by the sanitary conditions of the places, and he chose the farm in which the water supply was the worst. He had a further argument in one of the years-namely, that on the farm on which the carrier was working the cows were shifted after the epidemic had begun to another farm three miles away, and the fever still continued. The cows were brought back again to the original farm, and still the fever persisted. He therefore concluded that the cause could not be associated with that particular lot of cows, so that the other farm must be at fault. But he had really missed the point-namely, that the carrier was working at that farm and when the cows were transferred he went with them. He had had the chance of being the first person to discover the intestinal carrier, but he missed the opportunity. Dr. Johnstone went down later and detected the situation.
However the truth might stand about the Bacillus typhosus being the pathogenic agent in enteric fever, he was satisfied that workers had made a distinct advance from the epidemiological standpoint in the discovery of the carrier. Whether that bacillus was the causative agent of enteric fever or not, the fact remained that in some epidemics, such as that at Folkestone, it had been clearly proved that a milk supply had caused fever, and that the milk had been associated with a particular person who was a carrier. That was valuable knowledge which could and ought to be utilized in the epidemiological investigation of enteric fever.
Dr. HAMER, in reply, said Dr. Ledingham and he could not see the same side of the shield on the subject under discussion. Dr. Ledingham relied upon particularly suggestive instances. He said, "Here is a beautiful instance of a nurse who was infected when she was working in a carrier ward." But he (Dr. Hamer) did not regard this individual case as a beautiful instance, but asked, "How many such instances have been recorded? " Again, Dr. Ledingham referred to the infection of laboratory workers; but he (the speaker) did not regard the reported cases as conclusive. The question was whether, having in view the number of nurses at risk, and the number of laboratory workers at risk, there were more cases among nurses and laboratory workers than might be expected as the result of mere coincidence. Carriers were deemed to be infective because they came from infected surroundings, as Conradi had said. In the Lancet of March 25, 1911, there was "A Record of Ninety Diphtheria Carriers." When he (Dr. Hamer) read the title of this paper he thought here was proof at last; but so far as he could see, there was no suggestion that any of these carriers (with one doubtful exception) had done any mischief at all. With regard to fish infection, to which Dr. Ledingham had referred, temperature was not a serious difficulty. It was a common experience to find, on cutting open a fish which had been cooked, uncoagulated red fluid at the sides of the vertebral column. This showed that the heat had not penetrated.
Again, living nematoid worms were sometimes seen in cod, served at table, after the fish had been subjected to the ordinary process of frying. With regard to Dr. Ledingham's point as to the need of searching for bacillus carriers, he would have endeavoured to have had examinations made of the exereta of several of those associated with the outbreaks in London last autumn, but it transpired, in numnerous instances, that material had already been sent to the Lister Institute; possibly the results of the investigations would be reported at a later date. The main point, however, was this: in the original fish outbreak of 1900, three distinct fish-shops in widely separated parts of London were responsible for spreading the disease; it was difficult, on the carrier hypothesis, to account for the involvement of these three shops at one and the same moment. Moreover, in 1910, thirty-three shops and stalls were implicated. So that clearly the fish was infected before it left Billingsgate. As to Dr. Ledingham's final observations, the expression used in the paper (p. 126) was not Flexner type but "Type Flexner," in inverted commas. The reference was, as was indeed stated (p. 126), to Morgan and Ledingham's paper.' Not being professedly a bacteriologist he had, in fact, taken the precaution of sheltering himself under authority. It was perhaps well he had done so, for it appeared now that the two writers quoted were being taken to task by the one last named. The views of experts as to nomenclature were seemingly as liable to undergo mutation as the very germs themselves. The fact, mentioned by Dr. Bainbridge, that he had looked in vain for the hypothetical virus did not finally dispose of the possibility of its existence; it might be found at some future date. Dealing with Mr. Greenwood's remarks as to the number of houses supplied with the infected milk in Folkestone: in the later report this number was given as from 100 to 170; but, it was added, " It sometimes happened that the retailer obtained milk from other sources and mixed it with that obtained from one of the above farms, thus conveying infection in smaller doses over a wider area." The earlier report,2 however, gave much more detail. More than 1,000 houses were supplied in 1899 (p. 200) and nearly 1,000 houses in 1900 (p. 203); and the possibility is mentioned (p. 207) that other persons may have consumed one or other of the infected milks, " without this fact having been detected, owing to the practice among milk vendors of occasionally supplying on their rounds small quantities of milk to other vendors whose stock may be running short." In the 1910 Report the chance supplies are over and above those to at most 170, houses; in the 1901-02 Report these chance supplies are additional to those furnished to some 1,000 houses. He (Dr. Hamer) considered he was justified in stating that at least 15 per cent. of the population of Folkestone drank the suspected milk. With regard to the suggestion that we all harbour typhoid bacilli, Mr. Greenwood said everyone had some mental peculiarity, and yet segregation of the insane was practised. So, it would be remembered, Hamlet was sent to England because his madness would not be noticed in a country where all the men were ' Proceedings., 1909, ii, p. 148. 2 See Supplement to Thirty-first Annual Report of Local Government Board (1901-2), p. 190.
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as mad as he. It was interesting to pursue the analogy between typhoid fever and insanity further. Dr. Ledingham spoke (loc. cit., p. 329) of " those bacillary invasions which have been found to occur in mentally enfeebled persons." Why should it not be assumed-thinking on " living lines"-that insanity was due to these invading bacilli; that they were causal, not secondary ? A case of mental disease would then be explained on discovery of the fact that the sufferer had, say, placed his hand on a contaminated handrail, or brushed the boots of a previous sufferer. If no such record of contact with actual sufferers were reported, it would still be open to the inquirer to obtain material from a normal person, if such an one could be found; in this material the offending causal organism would of course be demonstrable and proof of causal relationship would then be complete. With regard to the nurses in the hospitals of the Metropolitan Asylums Board, he agreed with Dr. Goodall that there were circumstances "very special in their surroundings." For one thing these nurses were attended by experts in the art of diagnosing typhoid fever, and it was no extravagant assumption to make that this in itself played a part in determining the exceptional incidence observed. Dr. Penfold's investigations were very interesting, but it was surprising to find so much importance attached to mere negative results. It did not follow, because a man went on a number of successive days to his ordinary place of work, that he had never been abroad. He agreed with Dr. Penfold that Dr. Horrocks's results called for thorough examination. Reiner Muller's contention, referred to by I)r.
Penfold, that the ability of the typhoid bacillus to undergo a certain mutation was a specific characteristic, was interesting. We were formerly assured that the typhoid bacillus did not undergo mutation; now a bacillus that did not undergo a particular mutation could not be the typhoid bacillus. The stone which Dr. Ledingham had rejected, when building up his argument on the subject of " The Enteric Fever Carrier," had become, in the hands of Reiner Muiller, the head of the corner. With reference to the President's remarks, it was difficult to adequately summarize a report in a few paragraphs. He gathered from Dr. Thomson's report that there were reasons for thinking that, at any rate in some of the years in question, the milk supply with which the particular milker was concerned was not a supply to which any suspicion could be held to be attached. There was, moreover, the difficulty, as stated, that reliance had to be sometimes placed upon the "vaguest of evidence." But the task of Dr. Johnstone was a fortiori more difficult still (in so far as he relied upon his restatement of the facts), for the later inquiries relative to the earlier outbreaks were necessarily instituted after the lapse of years. In studying the differences in the proportionate incidences of typhoid year by year in London and in Folkestone, one had to have regard to the fact that the former was a large town with multitudinous sources of infection, the latter a small town, with which longer intervals of comparative freedom from excessive prevalence of disease were naturally associated. It was exceedingly fortunate that the Folkestone case had been made the subject of inquiry by the President of the Section, and that at a time prior to the promulgation of the bacillus carrier hypothesis.
